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7KLVSDSHU LQWURGXFHVDPXOWLWLHUHG WHVWDXWRPDWLRQDUFKLWHFWXUH WRRSWLPL]H WHVWDXWRPDWLRQ LQDQ$JLOHVRIWZDUH
GHYHORSPHQWHQYLURQPHQWZKLOHLQFUHDVLQJERWKWKHWHVWFRYHUDJHDQGGHSWKRIHDFKWLHU7HVW$XWRPDWLRQLVWKHDFW
RI FRQYHUWLQJ PDQXDO WHVW FDVHV LQWR DXWRPDWHG VFULSWV WKDW FDQ EH H[HFXWHG DXWRQRPRXVO\ ,Q JHQHUDO WHVWLQJ
DFFRXQWV IRU URXJKO\  RI WKH RYHUDOO GHYHORSPHQW EXGJHW DQG DSSUR[LPDWHO\  RI WKDW LV DWWULEXWHG WR
UHJUHVVLRQ WHVWLQJ ,Q UHFHQW \HDUV VRIWZDUH RUJDQL]DWLRQV KDYH EHJXQ PLJUDWLQJ WR $JLOH VRIWZDUH GHYHORSPHQW
SUDFWLFHV DQG DXWRPDWHG WHVWLQJ LQ KRSHV RI UHGXFLQJ WKH FRVW OHQJWK\ UHJUHVVLRQ F\FOHV DQG WLPH WR PDUNHW
7UDGLWLRQDOO\WHVWDXWRPDWLRQLVFRQGXFWHGRQVWDEOHQRQFKDQJLQJDSSOLFDWLRQV,QDQ$JLOHHQYLURQPHQWZKHUHWKH
FRGH FRQVWDQWO\ FKDQJHV DXWRPDWHG WHVW FDVHV EHFRPH REVROHWH DQG PXVW FRQVWDQWO\ EH UHIDFWRUHG LQ RUGHU WR
SURYLGHPHDQLQJIXOIHHGEDFNDERXWWKHV\VWHP¶VTXDOLW\,QPRVWLQVWDQFHVWKHFRVWRIPDLQWHQDQFHRIDXWRPDWHGWHVW
FRGHFRPSOHWHO\RYHUVKDGRZVWKHHQWLUHDXWRPDWLRQHIIRUWDQGQHJDWHVDQ\SRVVLEOH5HWXUQRQ,QYHVWPHQW5R,$Q
Q7LHUHG7HVW$XWRPDWLRQ$UFKLWHFWXUHVHHNV WRUHWDLQ WKH5R,E\DEVWUDFWLQJ WKHDXWRPDWLRQSURMHFW LQWRVHSDUDWH
GLVWLQFW WLHUV 3UHVHQWDWLRQ%XVLQHVV'DWD DQG 6HUYLFHV 7KHVH DEVWUDFWLRQV DOORZ DXWRPDWHG WHVWLQJ WR FRQWLQXH
SURYLGLQJIHHGEDFNGHVSLWHWKHFRQVWDQWUHYLVLRQRIWKHV\VWHP$FDVHVWXG\ZDVFRQGXFWHGXVLQJWKLVPHWKRGDQG
WKHREVHUYDWLRQVVKRZHGWKDWWKHDXWRPDWLRQDUFKLWHFWXUHZDVUHVLOLHQWWRFKDQJHZKLOHLQFUHDVLQJWKHWHVWFRYHUDJH
WKHGHSWKRIWHVWLQJDQGWKHRYHUDOOTXDOLW\RIWKHDSSOLFDWLRQXQGHUWHVW

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6HOHFWLRQDQGSHHUUHYLHZXQGHUUHVSRQVLELOLW\RIWKH8QLYHUVLW\RI6RXWKHUQ&DOLIRUQLD
.H\ZRUGV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7HVWLQJ7HVW$XWRPDWLRQ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,QWURGXFWLRQ
,Q UHFHQW \HDUV 6RIWZDUH (QJLQHHULQJ KDV EHHQ DGDSWLQJ WR WKH HYROXWLRQV RFFXUULQJ LQ WKH JOREDO VRIWZDUH
GHYHORSPHQW SURFHVV LQ RUGHU WR DOOHYLDWH KLJK FRVW KLJK FRPSOH[LW\ LQFUHDVHG WLPH WR PDUNHW PDLQWHQDQFH
GLIILFXOWLHV DQG GHFUHDVLQJ HQG XVHU VDWLVIDFWLRQ ,Q XVLQJ $JLOH SULQFLSOHV DQ RUJDQL]DWLRQ LV DEOH WR DGG QHZ
IXQFWLRQDOLW\ DQG UHOHDVH DQ XSGDWHG YHUVLRQ YHU\ TXLFNO\ 7KLV LQFOXGHV LPSOHPHQWLQJ SODQQLQJ GHYHORSPHQW
WHVWLQJ DQG JDWKHULQJ IHHGEDFN DOO ZLWKLQ VKRUW LWHUDWLYH F\FOHV RU VSULQWV (QWHUSULVH VRIWZDUH SURMHFWV WKDW DUH
GHYHORSHGLQVXFKDIDVKLRQDUHNQRZQDV$JLOH6RIWZDUH6\VWHPV7KHVHW\SHVRIV\VWHPVKDYHSURYHQWREHPRUH
HIIHFWLYHDQGLVRIEHWWHUTXDOLW\WKDQWKRVHGHYHORSHGLQWKHFODVVLFZDWHUIDOOPHWKRGRORJ\
$PDMRUFKDUDFWHULVWLFRIDPDWXUH$JLOHGHYHORSPHQWWHDPLVWKHLQFRUSRUDWLRQRIWHVWDXWRPDWLRQDVSDUWRIWKH
$JLOHSURFHVV7HVW$XWRPDWLRQKDVWUDGLWLRQDOO\EHHQFRPSOHWHGDJDLQVWV\VWHPVWKDWDUHVWDEOHPHDQLQJWKDWWKHUH
DUH YHU\ IHZ FKDQJHV DQGJHQHUDOO\ IRFXVHV DURXQG WKH8VHU ,QWHUIDFH 8,7KH FRQVWDQW VWDWH RI FKDQJHPDNHV
DXWRPDWLQJWHVWVH[WUHPHO\GLIILFXOWDQGLQVRPHLQVWDQFHVLPSUDFWLFDO7HVWVWKDWKDYHEHHQDXWRPDWHGLQDSUHYLRXV
VSULQWPD\EHREVROHWH LQ WKHFXUUHQW VSULQWGXH WKHFKDQJHVZLWKLQ WKH VRXUFHFRGH7KH UHVXOW LV WKDW WKHFRVWRI
PDLQWHQDQFHFRPSOHWHO\RYHUVKDGRZVWKHHQWLUHDXWRPDWLRQHIIRUWDQGQHJDWHVDQ\SRVVLEOH5HWXUQRQ,QYHVWPHQW
$QQ7LHUHG7HVW$XWRPDWLRQ$UFKLWHFWXUHLPSURYHVWHVWLQJE\SURYLGLQJDEVWUDFWLRQVE\VHSDUDWLQJWKHSURMHFWLQWR
GLVWLQFW WLHUV RU DSSOLFDWLRQ OD\HUV 7KH 3UHVHQWDWLRQ WLHU IRFXVHV RQ WKH 8, DQG XVHU ZRUNIORZV %XVLQHVV WLHU
FRQFHQWUDWHV VROHO\ RQ WKH EXVLQHVV ORJLF 'DWD WLHU LV FRQFHUQHG ZLWK GDWD IORZ DQG LQWHJULW\ 6HUYLFHV WLHU LV
GHGLFDWHG WR WHVWLQJ WKH FRPPXQLFDWLRQ EHWZHHQ H[WHUQDO V\VWHPV XVLQJ ZHE VHUYLFHV 7KHVH DEVWUDFWLRQV DOORZ
DXWRPDWHGWHVWLQJWRFRQWLQXHSURYLGLQJIHHGEDFNZLWKLQHDFKWLHUGHVSLWHWKHFRQVWDQWLQVWDELOLW\RIWKHV\VWHP(DFK
WLHU ZLOO KDYH D GLIIHUHQW IUDPHZRUN WKDW LV DSSURSULDWH IRU WKH IXQFWLRQDOLW\ RI WKDW SDUWLFXODU WLHU DQG XVXDOO\
LQWHJUDWHVZLWKDFRQWLQXRXVEXLOG
7KLVSDSHUZLOOJLYHDQLQGHSWKGHVFULSWLRQRIDWHVWDXWRPDWLRQDUFKLWHFWXUHIRU$JLOH6RIWZDUH6\VWHPVDQGLV
RUJDQL]HGDVIROORZV6HFWLRQZLOOFRYHUVRPHEDFNJURXQGLQIRUPDWLRQRQUHJUHVVLRQWHVWLQJWHVWDXWRPDWLRQDQG
FRQWLQXRXV LQWHJUDWLRQ ,ZLOO IROORZXSZLWKGHVLJQFRQVLGHUDWLRQV LQ VHFWLRQ6HFWLRQV	ZLOO FRYHU WKHQ
7LHUHG$XWRPDWLRQ$UFKLWHFWXUHLQPRUHGHWDLODQGGLVFXVVDFDVHVWXG\RIDQ$JLOH6RIWZDUH6\VWHPUHVSHFWLYHO\
DQGZUDSXSWKHFRQFOXVLRQLQVHFWLRQ
%DFNJURXQG
7KLVFKDSWHULQWURGXFHVWKUHHWRSLFVJHDUHGWRZDUGEXLOGLQJDIRXQGDWLRQDQGJLYLQJFRQWH[WWRWKHUHPDLQGHURI
WKHSDSHU
2.1. Regression testing 
5HJUHVVLRQWHVWLQJLVDFUXFLDOWRWKHGHYHORSPHQWSKDVHRIWKHVRIWZDUHOLIHF\FOHDVWKHSXUSRVHLVWRHOLPLQDWH
HUURUVSULRU WRSURGXFWLRQ DQGGHSOR\PHQW RI WKHSURGXFW5HJUHVVLRQ WHVW VXLWHV DUH DFFXPXODWHG DQG FRQVWUXFWHG
RYHUWKHFRXUVHRIGHYHORSPHQWF\FOHDVWKHSURGXFWVWDELOL]HVDQGPDWXUHV7KHFRVWDVVRFLDWHGZLWKERWKPDQDJLQJ
DQG H[HFXWLQJ UHJUHVVLRQ WHVWV KDYH EHFRPH D PDMRU REVWDFOH IDFHG E\ PDQ\ RUJDQL]DWLRQV WRGD\ $V VRIWZDUH
FRPSOH[LW\ DQGVL]H LQFUHDVHV VRGRHV WKH VL]HRI WKH UHJUHVVLRQVXLWHDQG WLPHQHHGHG WRH[HFXWH LW7KLV WXUQV
WHVWLQJ IURP DQ DVVHW WR D GHWHUUHQW WR VXFFHVV ,QPRVW FDVHV OHQJWK\ UHJUHVVLRQ F\FOHV FDQ H[WHQG WKH RYHUDOO
SURGXFWGHOLYHU\DQGFDQKDYHGLUHFRQVHTXHQFHVZKHQGHDOLQJZLWKQHZPDUNHWSHQHWUDWLRQ7KHUHIRUHLWFRPHVDV
QRVXUSULVH WKDWVRIWZDUHPDQXIDFWXUHUVZRXOGVHHNRXWZD\V WRVKRUWHQUHJUHVVLRQF\FOH WLPHDQGPD[LPL]H WKHLU
UHYHQXH2QHFRPPRQDSSURDFKLVWRVHOHFWSRUWLRQVRIWKHFRGHIRUWHVWLQJSDUWLFXODUO\WKRVHHYDOXDWHGDVKDYLQJ
WKHKLJKHVWULVN6HOHFWLYHWHVWLQJKDVDKLJKHUULVNRIXQGHWHFWHGHUURUVWKDWPD\QRWEHLGHQWLILHGSULRUWRSURGXFWLRQ
RUGHSOR\PHQWZKHUH WKHFRVWRIFRUUHFWLRQ LV IDUJUHDWHU7KHFKDOOHQJH OLHV LQILQGLQJDEDODQFH LQFKRRVLQJ WKH
UHJUHVVLRQVHWVH[HFXWHWRRIHZDQGSRWHQWLDOO\DOORZDPDMRUGHIHFWWRFUHHSLQWRSURGXFWLRQRUGRLQJWRRPDQ\DQG
LQFXU DGGLWLRQDO FRVWV 5HFHQW WUHQGV VKRZ WKDW VRIWZDUH GHYHORSHUV XVLQJ $JLOH PHWKRGV DUH WXUQLQJ WR WHVW
DXWRPDWLRQDVWKHDQVZHUWRILQGLQJWKHULJKWEDODQFH%HFDXVHDXWRPDWHGVRIWZDUHWHVWVDUHFRQGXFWHGXQDWWHQGHG
WKH\FDQDOVREHPDGHPRUHHIIHFWLYHE\UXQQLQJWKHPPRUHIUHTXHQWO\
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2.2. Test automation 
7HVW$XWRPDWLRQW\SLFDOO\LQFUHDVHVWKHGHSWKDQGVSHHGRIWKHTXDOLW\DVVXUDQFHSURFHVVLWLVWKHFRUHRI$JLOH
7HVWLQJDQGDNH\HOHPHQWRIVXFFHVVIXODJLOHGHYHORSPHQW7HVW$XWRPDWLRQLV WKHXVHRIVRIWZDUHWRFRQWURO WKH
H[HFXWLRQRIWHVWVWKHFRPSDULVRQRIDFWXDORXWFRPHVWRSUHGLFWHGRXWFRPHVWKHVHWWLQJXSRIWHVWSUHFRQGLWLRQVDQG
RWKHUWHVWFRQWURODQGWHVWUHSRUWLQJIXQFWLRQV7HVWVXLWHVDQGWHVWFDVHVDUHWDLORUHGWRWKHVL]HRIWKHSURMHFW2Q
VPDOO WR PRGHUDWH VL]HG DSSOLFDWLRQV D IUDPHZRUN ZRXOG ZRUN VXIILFLHQWO\ +RZHYHU RQ ODUJH HQWHUSULVH OHYHO
SURMHFWVZKHUHVFDOLQJSHUIRUPDQFHDQGLQWHURSHUDELOLW\DUHQHFHVVDU\DQDXWRPDWLRQDUFKLWHFWXUHPXVWEHXWLOL]HG
$ IUDPHZRUN LV DQ$SSOLFDWLRQ3URJUDPPLQJ ,QWHUIDFH $3, XVHG WR IDFLOLWDWH WKH SURFHVV RI DXWRPDWLQJ WHVW
FDVHV ([DPSOHV RI IUDPHZRUNV LQFOXGH -DYD¶V -8QLW  *RRJOH¶V 5RERW 7HVW )UDPHZRUN RU 6HOHQLXP+4
6HOHQLXP:HE'ULYHU$UFKLWHFWXUHLVWKHVHDPOHVVLQWHJUDWLRQRIPXOWLSOHIUDPHZRUNVLQWRRQHFRKHVLYHV\VWHP
 )URP D 6\VWHPV (QJLQHHULQJ SHUVSHFWLYH D IUDPHZRUN LV OLNHQHG WR LQGLYLGXDO LQGHSHQGHQW V\VWHP DQG
DUFKLWHFWXUHLVD6\VWHPRI6\VWHPV6R6ZKHUHWZRRUPRUHLQGHSHQGHQWV\VWHPVDUHLQWHJUDWHGWRDFKLHYHVRPH
QHZFDSDELOLW\
2.3. Continuous integration 
&RQWLQXRXV ,QWHJUDWLRQ &, LV D SUDFWLFHZKHUH VPDOO FKDQJHV DUH LQWHJUDWHG IUHTXHQWO\(DFK FRGH FKDQJHRU
LQWHJUDWLRQLVEXLOWSDFNDJHGDQGWHVWHGZKLOHLWVPDLQDLPLVWRSUHYHQWLQWHJUDWLRQSUREOHPV7KHUDSLGDGRSWLRQ
RI$JLOHPHWKRGRORJ\ RQ VXFK D ODUJH VFDOH KDV LQFUHDVHG WKH DWWUDFWLYHQHVV RI&,0RVW&RQWLQXRXV ,QWHJUDWLRQ
VHUYHUVRQWKHPDUNHWWRGD\KDYHVRPHVRUWRI$SSOLFDWLRQ3URJUDPPLQJ,QWHUIDFH$3,IRUH[WHQGLQJIXQFWLRQDOLW\
7KLVKDVOHGWRWKHGHYHORSPHQWRIDVLJQLILFDQWDPRXQWRIRSHQVRXUFHSOXJLQVJUHDWO\LQFUHDVLQJWKHLUIOH[LELOLW\
DQG XVHIXOQHVV $ &, VHUYHU HQFRPSDVVHV WKH FDSDELOLW\ WR EXLOG WKH FRGH SHUIRUP PXOWLOHYHO WHVWLQJ XQLW
IXQFWLRQDODQGLQWHJUDWLRQDQGLQFOXGHVGHSOR\PHQW7KLVSURYLGHVDKRVWRIPHWULFVDWHDFKVWDJHWRWUDFNSURJUHVV
'HVLJQFRQVLGHUDWLRQV
:KHQHPEDUNLQJRQDQHZDXWRPDWLRQSURMHFWWKHUHDUHVRPHNH\FRQVLGHUDWLRQWKDWPXVWEHWDNHQLQWRDFFRXQW
LQ RUGHU IRU WKH HIIRUW WR EH VXFFHVVIXO 7KLV VHFWLRQV FDOOV RXW WKRVH NH\ FRQFHSWV DQG DWWHPSW WR SURYLGH VRPH
JXLGDQFHLQWREXLOGLQJWKHDSSURSULDWHDUFKLWHFWXUH
3.1. Managing test data 
2QHRIWKHELJJHVWFKDOOHQJHVLQVRIWZDUHWHVWLQJLVWRGHFLGHZKDWWHVWGDWDWRXVHDQGKRZDQGZKHQWRFUHDWHLW
,QWHVWDXWRPDWLRQRYHUFRPLQJWKLVFKDOOHQJHEHFRPHVHYHQPRUHFUXFLDO7KHLVVXHZLWKWHVWGDWDLVWKDWLWKDVWREH
PDLQWDLQHG'DWD VHWV RIWHQEHFRPH ³VWDOH´ RUREVROHWHGXH WREXVLQHVV SURFHVV FKDQJHV6WDOH GDWD LQFUHDVHV WKH
PDLQWHQDQFH RYHU WKH OLIHWLPH RI WKH DXWRPDWLRQ SURMHFW :LWKRXW D WHVW PDQDJHPHQW VWUDWHJ\ LQ SODFH DQ\
DXWRPDWLRQHQGHDYRULVVXUHWREHLQHIIHFWLYH7KHEHVWDSSURDFKWRPLWLJDWHWKLVLVVXHLVZLWKDFOHDUDQGGHFLVLYH
6HSDUDWLRQRI&RQFHUQV6R&DQDEVWUDFWLRQOD\HUEHWZHHQWKHWHVWGDWDDQGLPSOHPHQWDWLRQFRGH8QGHUVWDQGLQJ
WKHGDWDQHHGHGDQGUHTXLUHGWRLQLWLDWHWKH6\VWHP8QGHU7HVW687ZLWKWKHGHVLUHGEHKDYLRULVNH\WRRUJDQL]LQJ
DVWUDWHJ\WKDWZLOOEHIOH[LEOHDQGUREXVW7KHUHDUHDIHZDSSURDFKHVFRPPRQO\XVHGYDU\LQJLQFRPSOH[LW\DQG
UREXVWQHVVIRUVXSSO\LQJWKHFRUUHFWLQIRUPDWLRQDWWKHULJKWWLPHWRWKH6877KHVHDSSURDFKHVDUHGLVFXVVHGLQWKH
QH[WWZRVHFWLRQV
3.1.1 Data files 
6WRULQJWHVWGDWDLQ;0/RULQD6FKHPDVXFKDV[VGILOHLVPRUHHIIHFWLYHWKDQVSUHDGVKHHWVRUFVYILOHVEHFDXVH
WKH\HQDEOHDWKRURXJKGHVFULSWLRQDQGGHILQLWLRQRIWKHWHVWGDWD)RUSUHGLFWDEOHDQGVWDWLFGDWDVHWVWKLVWHFKQLTXH
LV WKHPRVWHIILFLHQWDV VFKHPD ILOHVFDQEH UHDGDQG ORDGHG LQWRPHPRU\SURYLGLQJSHUIRUPDQFHJDLQV$OVR ILOH
VL]HVDUHW\SLFDOO\IDLUO\VPDOOWKHUHIRUHWUDQVSRUWLQJWKHPDFURVVWKHQHWZRUNRUVKDULQJWKHPEHWZHHQV\VWHPVLV
LGHDO 7U\LQJ WR SHUVLVW RU VDYH GDWD ZLWK GDWD ILOHV KRZHYHU DGGV XQQHFHVVDU\ FRPSOH[LW\ WR WKH RYHUDOO
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DUFKLWHFWXUH3HUVLVWLQJGDWDVLPLODUWRWKHIXQFWLRQDOLW\RIDGDWDEDVHUHTXLUHVDGGLWLRQDOPHFKDQLVPVIRUVWRULQJDQG
UHWULHYLQJLQIRUPDWLRQZKLFKLQWURGXFHVDGGLWLRQDOSRLQWVRIIDLOXUHDQGPDLQWHQDQFHRYHUKHDGWRWKHV\VWHP
'DWDZLWKLQDVSUHDGVKHHWRUFVYILOHFDQEHKLJKO\G\QDPLFDQGLQIRUPDWLRQFDQEHHDVLO\RUJDQL]HGLQWRWDEOHV
DQGSHUVLVWHQFHFDQEHHIIRUWOHVVO\DWWDLQHG7KLVLVWKHPDLQEHQHILWRIXVLQJDVSUHDGVKHHWDQGIRUWKLVUHDVRQPRVW
DUFKLWHFWXUH IUDPHZRUNVZLOO XVH WKLV DSSURDFK WRPDQDJH WKHLU WHVW GDWD0RVW DXWRPDWLRQ WRROV DOORZ GDWDEDVH
REMHFWVWRFRQQHFWLRQWRDVSUHDGVKHHWREWDLQLQJDOLJKWZHLJKWIXOO\IXQFWLRQLQJGDWDEDVHZLWKRXWWKHRYHUKHDGRID
GDWDEDVHIRRWSULQW3RUWDELOLW\LVXVXDOO\QRWDQLVVXHVSUHDGVKHHWVFDQEHHDVLO\VDYHGDVFVYILOHVDQGFDQEHVKDUHG
EHWZHHQ V\VWHPV DQG QHWZRUNV'HSHQGLQJ RQ KRZPXFK GDWD EHLQJ VWRUHG ILOH VL]H FDQ EHFRPH D FRQFHUQ DQG
SRUWDELOLW\ EHFRPHV QHJDWHG ,I FRSLRXV DPRXQWV RI GDWD LV EHLQJ XWLOL]HG LW LV UHFRPPHQGHG WKDW D GDWDEDVH LV
HPSOR\HGWRDYRLGGDWDFRUUXSWLRQ
3.1.2 Database 
'DWDEDVH'%PDQDJHPHQWLVWKHUHFRPPHQGHGVROXWLRQIRUH[WUHPHO\ODUJHDPRXQWVRIWHVWGDWD$QH[FHOOHQW
LQGLFDWLRQWKDWDGDWDEDVHVKRXOGEHHPSOR\HGLVZKHQGDWDILOHVDSSURDFKWKH*LJDE\WHWKUHVKROG'DWDEDVHVKDYH
DOORI WKH VWUHQJWKVRI WKHSUHYLRXV WZRVROXWLRQV VXFKDV IOH[LELOLW\ LQGHVFULELQJGDWD VFDODELOLW\ZLWK ODUJHGDWD
VHWVKLJKO\H[WHQVLEOHSODWIRUPLQGHSHQGHQFHDQGGDWDSHUVLVWHQFHWKLVLVREYLRXV7KHWUDGHRIIKRZHYHULVPRVW
'%LQVWDOODWLRQVKDYHDVXEVWDQWLDOIRRWSULQWLQFOXGLQJWKHDPRXQWRIUHVRXUFHVQHHGHGWRPDLQWDLQIXQFWLRQDOLW\DQG
WKH LQFUHDVHG RYHUKHDG IRU PDLQWHQDQFH  7KHUH DUH OLJKW ZHLJKW DOWHUQDWLYHV DYDLODEOH WKDW FDQ EH UXQ DV DQ
HPEHGGHGLQVWDQFHUHGXFLQJWKHGLJLWDOIRRWSULQWEXWRQHPXVWZHLJKWKHLQKHUHQWEHQHILWDJDLQVWWKHLQFXUUHGFRVW
3.2. Managing test objects 
,IPDQDJLQJWHVWGDWDLVRQHRIWKHELJJHVWFKDOOHQJHVLQWHVWDXWRPDWLRQWKHQPDQDJLQJWHVWREMHFWVLVWKHPRVW
LPSRUWDQW RQH 7HVW REMHFWV DUH WKH VDPH DV DQ\ RWKHU REMHFW RU FODVV SUHVHQW LQ 2EMHFW2ULHQWHG 3URJUDPPLQJ
2237HVWREMHFWVFRPHLQPDQ\GLIIHUHQWW\SHVDQGKDYHWKHSRWHQWLDOWRFROODERUDWHEHWZHHQRQHRUPRUHWLHUV
)RUH[DPSOH'$2$'2REMHFWVDUHGDWDUHODWHGDQGSULPDULO\XVHGWRLQWHUDFWZLWKDGDWDVWRUH'DWDEXWFDQDOVR
EHXVHGZLWKLQWKH%XVLQHVVWLHU(DFKREMHFWKDVDVWDWHSURSHUWLHVDQGDVVRFLDWHGEHKDYLRUVPHWKRGVWKHVHDUH
ZKDWDOORZWHVWREMHFWVWRLQWHUDFWZLWKWKH687DQGKRZWKH\DUHPDQDJHGGHILQHVZKLFKIUDPHZRUNLVDSSURSULDWH
ZKLFKKHOSJXLGHVKRZWKHDUFKLWHFWXUHGHULYHG

3.2.1 Keyword driven framework 
.H\ZRUGGULYHQ WHVWLQJ DQG WDEOHGULYHQ WHVWLQJ DUH LQWHUFKDQJHDEOH WHUPV WKDW UHIHU WR DQ DSSOLFDWLRQ
LQGHSHQGHQW DXWRPDWLRQ IUDPHZRUN 7KLV IUDPHZRUN UHTXLUHV WKH GHYHORSPHQW RI GDWD WDEOHV DQG NH\ZRUGV
LQGHSHQGHQWRIWKHWHVWDXWRPDWLRQWRROXVHGWRH[HFXWHWKHPDQGWKHWHVWVFULSWFRGHWKDWGULYHVWKHDSSOLFDWLRQ
XQGHUWHVWDQGWKHGDWD.H\ZRUGGULYHQWHVWVORRNYHU\VLPLODUWRPDQXDOWHVWFDVHV,QDNH\ZRUGGULYHQWHVWWKH
IXQFWLRQDOLW\RI WKHDSSOLFDWLRQXQGHUWHVW LVGRFXPHQWHGLQDWDEOHDVZHOODV LQVWHSE\VWHSLQVWUXFWLRQVIRUHDFK
WHVW7KHUHDUHQXPEHURIWRROVIUDPHZRUNVLQWKHPDUNHWWKDWDUHEXLOWDURXQGNH\ZRUGGULYHQWHVWLQJ)LW1HVVH
DQG *RRJOH¶V 5RERW DUH DPRQJ WKH PRVW SRSXODU 5HVHDUFK DURXQG NH\ZRUGGULYHQ IUDPHZRUNV KDV LQFUHDVHG
UHFHQWO\0RGHO%DVHG7HVWLQJ0%7DQRYHODSSURDFKWRVRIWZDUHWHVWLQJXVLQJPRGHOVWRJHQHUDWHWHVWVDQGWKHQ
XVLQJ5RERWWRGULYHWKRVHWHVWV
3.2.2 Data driven framework 
'DWDGULYHQWHVWIUDPHZRUNVXVHLQSXWYDOXHVWRUHDGIURPGDWDILOHVDQGWRWKHQORDGRXWSXWYDOXHVLQWRYDULDEOHV
E\ DXWRPDWHG VFULSWV ,Q WKLV IUDPHZRUN YDULDEOHV DUH XVHG IRU ERWK LQSXW YDOXHV DQG RXWSXW YHULILFDWLRQ YDOXHV
1DYLJDWLRQWKURXJKWKHSURJUDPUHDGLQJRIWKHGDWDILOHVDQGORJJLQJRIWHVWVWDWXVDQGLQIRUPDWLRQDUHDOOFRGHGLQ
WKHWHVWVFULSW7KLVLVVLPLODUWRWDEOHGULYHQWHVWLQJLQWKDWWKHWHVWFDVHLVFRQWDLQHGLQWKHGDWDILOHDQGQRWLQWKH
VFULSWWKHVFULSWLVMXVWDGULYHURUGHOLYHU\PHFKDQLVPIRUWKHGDWD
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3.2.3 Hybrid framework 
7KHPRVWFRPPRQO\LPSOHPHQWHGIUDPHZRUNLVDFRPELQDWLRQRIDOORIWKHDERYHWHFKQLTXHVSXOOLQJIURPWKHLU
VWUHQJWKVDQGWU\LQJWRPLWLJDWHWKHLUZHDNQHVVHV7KLVK\EULGWHVWDXWRPDWLRQIUDPHZRUNLVZKDWPRVWIUDPHZRUNV
HYROYHLQWRRYHUWLPHDQGPXOWLSOHSURMHFWV)LJXUHJLYHV\RXDQLGHDRIKRZ\RXFRXOGFRPELQHWKHDSSURDFKHVRI
WKH GLIIHUHQW IUDPHZRUNV +\EULG IUDPHZRUNV KDYH SURYHQ WR EH KLJKO\ HIIHFWLYH DW LPSURYLQJ HIILFLHQF\ DQG
SURGXFWLYLW\ZKLOHSURPRWLQJFRGHUHXVHWKXVUHGXFLQJPDLQWHQDQFH
$QQWLHUHGWHVWDXWRPDWLRQDUFKLWHFWXUH
6RIWZDUHSURMHFWVW\SLFDOO\IROORZDQQWLHUHGGHVLJQSURFHVVZKHUHGHYHORSPHQWLVEURNHQGRZQLQWRVHSDUDWH
WLHUV RU OD\HUV $ V\VWHP W\SLFDOO\ H[SRVHV GLIIHUHQW LQWHUIDFHV WR YDULRXV W\SHV RI FOLHQWV (DFK FOLHQW PD\ EH
LQWHUHVWHGLQXVLQJRUFRQVXPLQJWKDWV\VWHPLQGLIIHUHQWZD\V7KHXVHULQWHUIDFHIRUH[DPSOHPD\LQWHUDFWZLWKD
VHUYLFHWRJHQHUDWHWKHUHTXLUHGLQIRUPDWLRQQHHGHGWRGLVSOD\WRWKHXVHU)RULQVWDQFHDZHEVHUYLFHUHWULHYLQJRU
SHUVLVWLQJ GDWD WR WKH GDWDEDVH RU DQ H[WHUQDO LQWHUIDFH WR RWKHU V\VWHPV (DFK LQWHUIDFH FDQ EH JURXSHG LQWR D
SDUWLFXODUWLHU7KHQXPEHURIWKHOD\HUVJUHDWO\GHSHQGVRQWKHFRPSOH[LW\RIWKHSURMHFWLQGLFDWLQJDODUJHUQXPEHU
RILQWHUIDFHVWREHWHVWHG
7HVWDXWRPDWLRQUHTXLUHVVLJQLILFDQWVRIWZDUHGHYHORSPHQWWKHUHIRUHWKHHIIRUWVKRXOGEHWUHDWHGWKHVDPHDVDQ\
RWKHU VRIWZDUH SURMHFW 6WUXFWXULQJ DXWRPDWLRQ LQWR VHSDUDWH WLHUV FUHDWHV DEVWUDFWLRQ ZKLFK JUHDWO\ LQFUHDVHV WKH
IOH[LELOLW\DQGGHSWKRIFRYHUDJHUHVXOWLQJLQEHWWHURYHUDOOTXDOLW\RIWKHV\VWHPXQGHUWHVW7KHUHDUHQRVHWQXPEHU
RI WLHUV D V\VWHPPXVW KDYH7\SLFDOO\ WKHUH DUH DW OHDVW WZR SUHVHQWDWLRQ DQGEXVLQHVV  7KH IROORZLQJ VHFWLRQV
GHVFULEHWKHVHDQGRWKHUSRSXODUWLHUV
4.1. Presentation tier 
7KH*UDSKLFDO8VHU,QWHUIDFH*8,LVORFDWHGZLWKLQWKHSUHVHQWDWLRQOD\HU0RVWDXWRPDWLRQSURMHFWVIRFXVWRR
KHDYLO\RQWKH*8,LWLVXVXDOO\WKHPDLQHQWU\SRLQWEHFDXVHLWLVWKHFRPSRQHQWWKDWLVSUHVHQWHGWRWKHXVHUVRLW¶V
FRQVLGHUHGWKHPRVWLPSRUWDQW7KLVDSSURDFKLVIXQGDPHQWDOO\IODZHG,QHVVHQFHLWLVFRPSDUDEOHWRWKHSURYHUELDO
VD\LQJRI³SXWWLQJDOORI\RXUHJJVLQRQHEDVNHW´EHFDXVHWKHDSSOLFDWLRQ¶VVFRSHLVVRPXFKPRUHWKDQMXVWWKH8,
$QGE\ IRFXVLQJ DXWRPDWLRQ UHVRXUFHV VROHO\ RQ WKH XVHU LQWHUIDFH WKH HIIHFWLYHQHVV RI WKH SURMHFW LV OLPLWHG E\
WUHDWLQJ D VXEVWDQWLDO SDUW RI WKH V\VWHP XQGHU WHVW DV D EODFN ER[ 1RZ GHSHQGLQJ RQ WKH FRPSOH[LW\ RI WKH
DSSOLFDWLRQ EODFN ER[ WHVWLQJ PD\ EH VXIILFLHQW KRZHYHU DV FRPSOH[LW\ LQFUHDVHV DXWRPDWLRQ EHFRPHV
XQVXVWDLQDEOH0DVTXHUDGLQJ%XVLQHVV/RJLFDVJUDSKLFDOREMHFWV DQGZULWLQJ WHVW VFULSWVZLWK WKLV FRPSOH[ ORJLF
HPEHGGHGLQWRWKHPEHFRPHVWRRGLIILFXOWWRGHYHORSDQGPDLQWDLQ,QIDFWWKHSUHVHQWDWLRQWLHUVKRXOGIRFXVPRUH
RQWKHXVHUH[SHULHQFHDQGOHVVRQWKHXQGHUO\LQJORJLF2QFHWKH%XVLQHVV/RJLFKDVEHHQH[WULFDWHGDQGKDQGOHGLQ
)LJD)URQW(QG$UFKLWHFWXUHE%DFN(QG$UFKLWHFWXUH
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LWVDSSURSULDWHFRQWH[WZULWLQJWHVWVFULSWVDUHJUHDWO\VLPSOLILHG1RWRQO\ZLOOWKHHIILFLHQF\DQGVSHHGRIVFULSWLQJ
LPSURYHEXWWKHDPRXQWRIWHVWFRYHUDJHZLOODOVRLQFUHDVH
4.2. Business tier 
7KHEXVLQHVVWLHUFRQWDLQVWKHHQJLQHWKDWSURGXFHVWKHV\VWHPUHTXLUHPHQWV*HWWLQJWKLVWLHUFRUUHFWLVWKHHQG
JRDORI WKHGHYHORSPHQW WHDPVRLWQDWXUDOO\FRQVXPHVDPDMRULW\RIGHYHORSPHQWUHVRXUFHV $XWRPDWLRQWHVWLQJ
VKRXOG UHIOHFW WKLV LPSRUWDQFH  8QGHUVWDQGLQJ WKH EXVLQHVV ORJLF LV FUXFLDO WR VXFFHVVIXO DXWRPDWLRQ WHVWLQJ
([HUFLVLQJWKHYDULRXVLQWHUIDFHVGLUHFWO\UHGXFHVWKHULVNRIJDSVLQWHVWLQJ7HVWLQJWKURXJKWKH*8,DORQHLVQRW
VXIILFLHQWWRFRPSOHWHO\WHVWWKHPDQ\IDFHWVDQGLQWHUIDFHVWKDWDV\VWHPPD\SUHVHQW
4.3. Data tier 
7KHGDWDDFFHVVOD\HUVKRXOGQRWMXVWEHDERXWSHUVLVWLQJGDWD7KHIRFXVVKRXOGEHH[SDQGHGWRLQFOXGHPRUHWKDQ
WHVWLQJDFRQQHFWLRQDQGEHLQJDEOH WRSXOODQGSXVKGDWD LQWRDGDWDEDVHEXW WHVW WKHTXDOLW\DQG LQWHJULW\RI WKH
GDWD )URP WKH EHJLQQLQJ WKH$XWRPDWLRQ$UFKLWHFW VKRXOG EH DEOH WR SDUWLFLSDWH LQ GLVFXVVLRQV SHUWDLQLQJ WR WKH
LQLWLDOVFKHPDGHVLJQ,QWKLVSKDVHWKHGHVLJQGRFXPHQWDWLRQFDQEHUHYLHZHGIURPDTXDOLW\SHUVSHFWLYH7KHJRDO
LQWKLVWLHULVWRHQVXUHZLWKDGHVLUHGGHJUHHRIFRQILGHQFHWKDWWKHGDWDWKDWWKHDSSOLFDWLRQLVXVLQJLVFRUUHFW0RVW
GDWDVWRUHVSURYLGHDPHFKDQLVPIRUGDWDDEVWUDFWLRQDQGWKHUHDUHVHYHUDOIUDPHZRUNVDYDLODEOHIRUFUHDWLQJGDWD
REMHFWV ,QWHUIDFLQJ ZLWK D GDWDEDVH XVLQJ 'DWD $FFHVV 2EMHFWV '$2 DOORZV IRU D KLJK GHJUHH RI IOH[LELOLW\
UREXVWQHVVDQGWHVWDELOLW\
4.4. Web services tier 
7KHZHEVHUYLFHOD\HURIDQDSSOLFDWLRQLVIRFXVHGRQWKHLQWHUIDFHRIDJLYHQZHEVHUYLFH7KHLQWHUIDFHHLWKHU
:6'/:$'/ RU 5(67 ³XQLIRUP FRQWUDFW´ VHUYHV DV D FRQWUDFW EHWZHHQ WKH VHUYLFH SURYLGHU DQG VHUYLFH
FRQVXPHU7KHXQGHUO\LQJLPSOHPHQWDWLRQRIWKHVHUYLFHLVLUUHOHYDQWHVVHQWLDOO\RSHUDWLQJDVDEODFNER[DFFHSWLQJ
LQSXWDQGJHQHUDWLQJDQH[SHFWHGRXWSXW7HVWLQJZHEVHUYLFHVXVXDOO\WDNHRQWZRIRUPVIXQFWLRQDO	SHUIRUPDQFH
WHVWLQJ,QIXQFWLRQDOWHVWLQJWKHJRDOLVWRYDOLGDWHWKDWWKHVHUYLFHLVLQGHHGSURYLQJWKHH[SHFWHGUHVXOWVEDVHGRQ
WKHDJUHHGXSRQLQSXWV8QGHUSHUIRUPDQFHWHVWLQJWKHLQWHQWLVWRYHULI\WKDWWKHVHUYLFHSHUIRUPVDVH[SHFWHGXQGHU
H[WUDQHRXVORDGRUFLUFXPVWDQFHV7KHUHDUHDQXPEHURIWRROVLQPDUNHWWKDWVSHFLDOL]HVLQZHEVHUYLFHVWHVWLQJWKDW
FRYHUWKHVHWZRIRUPV7KHEHVWUHVXOWVDUHXVXDOO\JDLQHGZKHQG\QDPLFLQSXWGDWDLVLQWHUVSHUVHGZLWKVWDWLFGDWD
ZKLFKLVHVVHQWLDOWRQRWRQO\WHVWLQJWKHIXQFWLRQDOLW\	SHUIRUPDQFHEXWIRUDOVRXQFRYHULQJHPHUJHQWEHKDYLRUVDV
ZHOO
&DVHVWXG\
7KHIROORZLQJFDVHVWXG\ZDVFRQGXFWHGRQDQHQWHUSULVHDSSOLFDWLRQWKDWZDVEXLOWXVLQJ-DYDWHFKQRORJLHV7KH
Q7LHU7HVW$XWRPDWLRQ$UFKLWHFWXUHDSSURDFKZDVDSSOLHGWRWKHVHFRQGUHOHDVHRIWKLVSURGXFWWKDWZDVVFKHGXOHG
IRU  WZRZHHN VSULQWV 7KH SURMHFWZDV GHVLJQHG WRPDQDJH DQGPDLQWDLQ D V\VWHP RI UHFRUG RI XVHU VSHFLILF
HQWLWLHVDQGSHUIRUPGRPDLQVSHFLILFDQDO\WLFVZKLOHDOVRFRRUGLQDWLQJWKHPHVVDJLQJDQGFRPPXQLFDWLRQEHWZHHQ
WKRVH HQWLWLHV DQG H[WHUQDO V\VWHPV $V PHQWLRQHG SUHYLRXVO\ WKH WHFKQRORJ\ VWDFN ZDV FRPSOHWHO\ -DYD EDVHG
XWLOL]LQJ7RPFDW DSSOLFDWLRQVHUYHU -DYD0HVVDJLQJ6HUYLFH -06 -DYD3HUVLVWHQFH$UFKLWHFWXUH -3$:HE
6HUYLFHV-$;:6DQG*RRJOH:HE7RRONLW*:7ZKLFKLVDIUDPHZRUNIRU8VHU,QWHUIDFHV0DYHQZDV
XVHGWRPDQDJHGHSHQGHQFLHVDFURVVWKHHQWLUHSURMHFW,QDGGLWLRQ$UWLIDFWRU\DQRWKHURSHQVRXUFHWRROZDVXVHGDV
DORFDODUWLIDFWUHSRVLWRU\WRGHFUHDVHEXLOGWLPHV
7KHDXWRPDWLRQDUFKLWHFWXUHIRUWKLVSURMHFWKDGWREHUREXVWHQRXJKWRKDQGOHWKHFRQVWDQWFKDQJHVWKDWZRXOG
RFFXUHYHU\VSULQW DQGVFDOHZLWK WKH LQFUHDVHGFRPSOH[LW\RI WKHDSSOLFDWLRQ7RDFFRPSOLVK WKLVDOORI WKH WLHUV
ZHUHDGGUHVVHGUHVXOWLQJLQWZRVHSDUDWHDUFKLWHFWXUDOYLHZVDIURQWHQGDQGEDFNHQG
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5.1. Front-end 
7KH3UHVHQWDWLRQWLHUHQFRPSDVVHVWKH*UDSKLFDO8VHU,QWHUIDFH*8,GHSLFWHGLQILJXUHD7KLVWLHUIRFXVHVRQ
WKHWHVWLQJRIWKHEDVLF*8,YDOLGDWLRQDQGXVHULQWHUDFWLRQVXVLQJVPRNHVW\OHWHVWLQJ7KHREMHFWLYHIRUWKHWHVWVLQ
WKLVWLHUVKRXOGEHWRYDOLGDWHWKDWWKHFRUUHFWLQIRUPDWLRQLVGLVSOD\HGEDVHGRQWKHXVHUZRUNIORZ)RUWKLVSURMHFW
WKH*8,LVDZHEDSSOLFDWLRQEXLOWXVLQJ:HEWHFKQRORJ\6HOHQLXP:HE'ULYHUDQRSHQVRXUFHSURMHFWZLOO
EHXVHGDVWKHSULPDU\DXWRPDWLRQWRRO7KHDSSOLFDWLRQ¶VGDWDVWRUHZDVXVHGWRVHHGWHVWGDWDZKLFKZDVXVHGWR
GULYH WHVWLQJ$ VRXUFH FRGH UHSRVLWRU\ FDOOHG*LW ZKLFK DFWV DV D WHVW FDVHPDQDJHPHQW V\VWHP7KLV LV GRQH
SULPDULO\EHFDXVHWKHDXWRPDWHGWHVWVFULSWVDUHZULWWHQLQ-DYDDQGFKHFNHGLQDORQJZLWKDSSOLFDWLRQVRXUFHFRGH
7KH-HQNLQV&,VHUYHUXVHGWRPDQDJHWKHH[HFXWLRQRIWHVWDVZHOOYLVXDOL]LQJWKHUHVXOWV
5.2. Back-end 
7KHEDFNHQGUHSUHVHQWVWKH%XVLQHVV'DWD	:HE6HUYLFHVWLHUZKLFKLVLOOXVWUDWHGE\ILJXUHE7KHSXUSRVH
LVWRLVRODWHDQGYDOLGDWHWKHEXVLQHVVUXOHVGDWDLQWHJULW\DQGZHEVHUYLFHIXQFWLRQDOLW\VHSDUDWHO\IURPWKH*8,
9DOLGDWLQJDOJRULWKPGHVLJQDQGV\VWHPFRQVWUDLQWVDUHJRRGH[DPSOHVRIEXVLQHVVORJLFWKDWQHHGVWHVWLQJLQWKHVH
WLHUV7KLVSURMHFWXVHG&XFXPEHUZKLFKLVD%HKDYLRU'ULYHQ'HYHORSPHQW%''IUDPHZRUNLQFRQMXQFWLRQ
ZLWK-8QLWDXQLWWHVWLQJIUDPHZRUNWRKDQGOHWKH%XVLQHVVWLHU'DWD$FFHVV2EMHFWVWKDWZHUHJHQHUDWHGXVLQJ
-3$ZHUHXVHGWRLQWHUIDFHZLWKWKHGDWDVWRUHDQGXVHGWRDVVHUW WKHGDWDDJDLQVWWKHEXVLQHVVUXOHVIRUDFFXUDF\
7KHZHEVHUYLFHWHVWLQJZDVGRQHZLWK$SDFKH-0HWHUDQRWKHURSHQVRXUFHWRRO-0HWHUSURYLGHGWKHDELOLW\WRGR
IXQFWLRQDO DQG SHUIRUPDQFH WHVWLQJ FRQFXUUHQWO\$JDLQ DOO DXWRPDWHG WHVW VFULSWVZHUH VWRUHG LQ WKH VRXUFH FRGH
UHSRVLWRU\DQG-HQNLQVZDVXVHGWRLQWHJUDWHDOOWRROVWRJHWKHU
5.3. Observations 
$V WKH SURMHFW SURJUHVVHG IURP VSULQW WR VSULQW IXQFWLRQDOLW\ ZDV DGGHG DQG UHILQHG 7\SLFDOO\ LQ $JLOH
HQYLURQPHQWV VRIWZDUH UHTXLUHPHQWV DUH QRW DOZD\V IXOO\ IOHVKHG RXW WKHUHIRUH HDFK QHZ VSULQW FDQ SRWHQWLDOO\
LQWURGXFHGVLJQLILFDQWFKDQJHVLQWKH8,ZRUNIORZEXVLQHVVUXOHVDQGHYHQLQWKHGDWDEDVHVFKHPD7KHVHW\SHVRI
FKDQJHVXVXDOO\ZUHDNVKDYRFRQDQDXWRPDWLRQSURMHFWGXHWRWKHWLPHQHHGHGIRUUHIDFWRULQJZKLOHVWLOOWU\LQJWR
NHHSXSZLWKWKHWHVWLQJ'XULQJWKLVFDVHVWXG\KRZHYHUDVFKDQJHRFFXUUHGPDLQWHQDQFHEHFDPHOHVVRIDQLVVXH
7KHDEVWUDFWLRQEHWZHHQWKHWLHUVDOORZHGIRUUHODWLYHO\TXLFNUHIDFWRULQJ,QVRPHFDVHVWKHDXWRPDWLRQFRGHZDV
WXUQHGDURXQGIDVWHU WKDQ WKHDSSOLFDWLRQVRXUFHFRGH$QRWKHUDGGHGEHQHILWZDV WKDW WKH WHVWFRYHUDJH LPSURYHG
GUDPDWLFDOO\(DFK WLHU DOORZHG IRFXVHG WHVWLQJZLWKLQ LWV FRQWH[W VR LW EHFRPHV HDVLHU WRGHYHORSPRUH HODERUDWH
VFHQDULRVLQFUHDVLQJWKHGHSWKDVZHOODVFRYHUDJH
7KHSUHYLRXVUHOHDVHRIWKHSURGXFWKDGDERXWPDQXDOWHVWVZKLFKWRRNPDQKRXUVWRH[HFXWHDQGOHVV
WKDQ  DXWRPDWHG WHVWV ZLWK DQ H[HFXWLRQ WLPH PLQXWHV $V IXQFWLRQDOLW\ ZDV DGGHG WKH LQKHUHQW FKDQJHV
FDXVHGWKHDXWRPDWLRQHIIRUWWREHFRPHXQPDQDJHDEOH6LJQLILFDQWO\PRUH	PRUHWLPHZDVUHTXLUHGDQDYHUDJHRI
KRXUVWRUHIDFWRUDQGPDLQWDLQLQJWKHWHVWVZKLFKVW\PLHGDQ\DWWHPSWWRDGGQHZDXWRPDWHGWHVWV,QFRQWUDVW
WKHVHFRQGUHOHDVHXVLQJWKHQ7LHU$XWRPDWLRQ$UFKLWHFWXUHWKHSURGXFWILQLVKHGXSZLWKRYHUKXQGUHGPDQXDO
WHVWFDVHV	RYHUDXWRPDWHGIXQFWLRQDOLQWHJUDWLRQDQGV\VWHPWHVWVWKDWH[HFXWHGLQOHVVWKDQKRXUV7KHQHW
VDYLQJ H[FHHG PDQ KRXUV SHU VSULQW ,Q DGGLWLRQ WKH DXWRPDWLRQ GLVFRYHUHG WKUHH ³SULRULW\ RQH´ GHIHFWV WKDW
PDQXDOWHVWLQJDORQHZRXOGQ¶WKDYHIRXQG7KLVVDYHGWKHRUJDQL]DWLRQ0LQVXSSRUWFRVWV7KHHQGUHVXOWZDV
WKDWWKHSURGXFWHQMR\HGWKHPRVWVXFFHVVIXOUHOHDVHLQWKDWRUJDQL]DWLRQ¶VKLVWRU\ZLWKWKHEHVWTXDOLW\RIDQ\RILW
RWKHUSURGXFWV
&RQFOXVLRQV
7KLVSDSHUSUHVHQWHGDQQ7LHUHG7HVW$XWRPDWLRQ$UFKLWHFWXUHDQHZDSSURDFKIRURSWLPL]LQJWKHGHYHORSPHQW
RIDXWRPDWHGWHVWVLQDQ$JLOHHQYLURQPHQW7KHPDLQSULQFLSOHEHKLQGWKHDSSURDFKLVDEVWUDFWLQJWKHSURMHFWRXW
LQWR VHSDUDWH WLHUV VLPLODU WR WKDW RI HQWHUSULVH OHYHO VRIWZDUH GHYHORSPHQW 7KH GHVLJQ FRQVLGHUDWLRQV RI DQ
DXWRPDWLRQ DUFKLWHFWXUH ZDV GLVFXVVHG DQG WKH IRXU FRPPRQO\ XVHG WLHUV ZHUH GHVFULEHG $ FDVH VWXG\ ZDV
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FRQGXFWHGZKHUHWKLVDUFKLWHFWXUHZDVDSSOLHGWRDQ$JLOHVRIWZDUHV\VWHPXVLQJ-DYDWHFKQRORJ\GXULQJWKHVHFRQG
UHOHDVHRI WKHSURGXFW DQG WKHREVHUYDWLRQVZHUH VXPPDUL]HG LQ VHFWLRQ7KH VWXG\ VKRZHG WKDWE\DSSO\LQJ
DEVWUDFWLRQVWKHWHVWDXWRPDWLRQZDVDEOHWRFRYHUDEURDGHUUDQJHRIIXQFWLRQDOLW\ZKLOHDOVRDOORZLQJPRUHGHWDLOHG
WHVWLQJ LQFULWLFDODUHDV,QDGGLWLRQ WKHFRVWRIPDLQWDLQLQJ WKH WHVW LQIUDVWUXFWXUHZDVVLJQLILFDQWO\UHGXFHGZKLOH
LQFUHDVLQJVFDODELOLW\DQGIOH[LELOLW\7KHHQGUHVXOWZDV WKDW WKHSURGXFWZDV UHOHDVHGZLWKKLJKHURYHUDOOTXDOLW\
FRPSDUHGWRWKHLQLWLDOUHOHDVH
,QFORVLQJDVPRUHVRIWZDUHPDQXIDFWXUHUVHPEUDFH$JLOHSULQFLSOHV7HVW$XWRPDWLRQEHFRPHVPRUHSUHYDOHQW
DQGVRGRHVWKHLVVXHVWKDWDFFRPSDQ\WKHGHYHORSPHQWRIDXWRPDWHGWHVWLQJ8VLQJWKLVPHWKRGZLOOPLQLPL]HDORW
RIWKHVHLVVXHVZKLOHLQFUHDVLQJWKHRYHUDOO5R,DQGDOORZLQJ$JLOHGHYHORSPHQWWHDPVWRIRFXVRQZKDWLVUHDOO\
LPSRUWDQWFUHDWLQJWKHEHVWSURGXFWSRVVLEOH
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